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The  University  of  Nevada,  Reno  (UNR)  is  pleased  to  submit  this 
proposal  for  a  pilot  project  to  evaluate  a  novel,  single-injection 
contraceptive  vaccine  for  fertility  control  in  feral  horses.  Wild 
horses  and  burros  in  Nevada  represent  a  magnificent  natural 
resourse,  but  a  resource  that  requires  better  management.  We  feel 
that  an  immunologic  approach  to  fertility  control  represents  a 
humane  and  cost  effective  way  to  manage  wild  horse  and  burro 
populations  on  public  lands  in  Nevada  and  elsewhere. 

While  a  variety  of  potential  population  management  approaches  have 
been  discussed  in  the  scientific  community,  the  use  of  a  zona 
pellucida-based  vaccine  in  mares  is  perhaps  the  approach  with  the 
greatest  present  potential.  in  this  proposed  project,  UNR  will 
subcontract  with  the  Medical  College  of  Ohio  for  the  services  of 
Dr.  John  W.  Turner  and  his  colleagues  Drs.  Jay  G.  Kirkpatrick  and 
Irwin  K.M.  Liu,  acknowledged  experts  in  the  preparation  and  use  of 
zona  pellucida-based  vaccines  for  fertility  control.  UNR  will 
serve  an  administrative  role,  and  provide  oversight  on  the  project 
through  the  following  faculty  committee: 

Kenneth  W.  Hunter,  Jr.,  Sc.  D. ,  Professor  of  Biology, 
Associate  Vice  President  for  Research  and  Dean  of  the  Graduate 
School  (Committee  Chair) 

Donald  R.  Hanks,  D.V.M.,  Professor  and  Chair,  School  of 
Veterinary  Medicine 

Richard  C.  Simmonds,  D.V.M.,  M.S.,  Director,  Laboratory  Animal 
Medicine 

William  G.  Kvasnicka,  D.V.M.,  Associate  Professor  of 
Veterinary  Medicine  and  Extension  Veterinarian 

Ronald  S.  Pardini,  Ph.  D.,  Professor  of  Biochemistry  and 
Associate  Director,  Nevada  Agricultural  Experiment  Station 

Duane  L.  Garner,  Ph.  D. ,  Professor  of  Animal  Science 

This  committee  will  meet  periodically  with  the  research  team  from 
the  Medical  College  of  Ohio  and  the  Nevada  Bureau  of  Land 
Management  to  plan  and  discuss  the  progress  of  the  pilot  fertilitv 
project.  J 

The  following  section  of  this  proposal  outlines  the  experimental 
approach  for  the  pilot  fertility  control  project. 


INTRODUCTION 


.  Fe^a]-  horse  management  on  western  public  lands  is  currently 
confined  to  the  removal  of  excess  horses.  While  we  are  not 
convinced  that  there  is  an  actual  overpopulation  of  horses  in  many 
areas,  we  recognize  the  need  for  improved,  more  effective 
management  of  feral  horse  populations.  The  removal  of  horses  as 
the  sole  management  effort,  while  seemingly  effective  at  the  time 

SLf^T*  '   °,SS  n0t  Prevent  the  subsequent  growth  of  the  remaining 
population  and  insures  that  removal  must  continue  year  after  year 
Indeed,  there  is  evidence  that  the  removal  of  horses  actually 

i^f?aSS^  fe+cvUndlty  among  those  animals  remaining  behind  and 
accelerates  the  growth  of  the  population  (Kirkpatrick  and  Turner 
1991) .  In  other  words,  removal  alone  addresses  only  the  symptom  of 
overpopulation  (too  many  horses)  and  not  the  cause  (reproduction) . 

-_  ^  ^"jPKii1™  approfch  is  to  limit  reproduction,  through  some 

fSJ!  iqqi TlllXtY   co"tro1  <see  reviews  by  Kirkpatrick  and  Turner 

1985  1991;  Turner  and  Kirkpatrick  1991)  .  Toward  that  goal  we  have 

m££!2  a  contraceptive  vaccine  on  feral  horses  which  can  limit  the 

number   of   foals   born   to   free-roaming   mares.     The   major 

^ara^KiJtlC!f  °f  ^is  Vaccine  include  <U  ^eat  effectiveness'^ 

n!^?1^  .{.2)   rem°te   delivery,   which   permits   humane 

'  fpufrfe  administration  of  the  vaccine,  (3)  relative  low  cost, 

animaTs   rsfnn  *??n  .indlvldual  or  social  behavior  of  the  target 

??i~  i'JV-         effects  uP°n  Pregnancies  already  in  progress  at  the 

time  of  delivery,  (6)  reversible  contraceptive  action,  and  m  no 

passage  of  the  vaccine  through  the  food  chain  or  into  the 

environment.  These  characteristics  have  been  previously  identified 

as  required  for  successful  feral  horse  contraception  (Turner  and 

Kirkpatrick  1986).  vj.uj.ijer  ana 

,1^3!  vaccine,  known  as  porcine  (pig)  zonae  pellucidae,  or  PZP, 
satisfies  these  criteria.  The  zona  pellucida  is  a  non-cellular 
protein  membrane  which  surrounds  all  mammalian  eggs,  in  order  for 
fertilization  to  occur,  sperm  must  first  bind  to  this  membrane 
PZ?  into  7Jr  Penet™^  th;  •«.  The  intramuscular  injection  ol 
S?Li?n  £?£  l^ ca^es  them  to  produce  antibodies  against  the  pig 
protein,  but  these  antibodies  also  bind  to  the  sperm  attachment 
ler?fliLtiSnTfnS'  egg^  th%ebY  Preventing  spermP attachment  tnl 
Ifltzl  (Df°r  a  reV1,eW  °f  the  PZP  vaccine  see  Paterson  and 

kenV90)'   Because  only  fertilization  has  been  blocked,  there 
are  no  hormonal  manipulations  which  cause  behavioral  changes 
Indeed,  immunized  mares  remain  together  in  their  social  groups 
ovulate  regularly  during  the  breeding  season,  and  permit  mating 
behavior  by  the  herd  stallion,  and  in  general  reflect^  social 
behavior  of  untreated  feral  horses  (Kirkpatrick  et  al.  1990a). 

r,™  35*!!  vaccine  was  originally  tested  on  captive  feral  horses  and 
prevented  pregnancies  in  13  of  14  treated  mares  (Liu  et  al.  1989) 
Following  this,  the  vaccine  was  tested  on  free-roaming  feral  horses 
managed  by  the  National  Park  Service  (Kirkpatrick  et  al.  1990a) 


The  hallmarks  of  this  first  field  test  were  successful  remote 
delivery  by  means  of  barbless  darts  fired  from  a  capture  gun,  a 
demonstration  of  the  vaccine's  effectiveness  (no  pregnancies  among 
2  6  treated  mares  vs.  a  50%  pregnancy  rate  among  control  mares) , 
reversibility,  and  a  demonstration  of  its  safety  for  use  in  animals 
already  pregnant  at  the  time  of  inoculation.  After  four  years  of 
treatment  over  60  "mare  years"  (i.e.,  the  number  of  mares  treated 
annually  x  the  number  of  years  treated)  only  a  single  foal  has  been 
born.  This  approach  to  fertility  control  in  feral  horses  has  been 
so  effective  that  the  National  Park  Service  is  already  in  the 
process  of  designing  a  management  program  built  around  this  vaccine 
(personal  communication,  John  Karish,  Regional  Scientist, 
Mid-Atlantic  region,  National  Park  Service) .  The  effectiveness  and 
safety  of  this  contraceptive  vaccine  has  been  well  documented  and 
our  own  research  group  has  tested  the  vaccine  on  a  variety  of  other 
hoofstock,  including  white-tailed  deer  (Turner  et  al.  1992),  sika, 
samabar,  axis  and  muntjac  deer  and  Himalayan  tahr  (Bronx  Zoo),  and 
West  Caucasian  tur  (Toronto  Zoo) .  Other  investigators  have 
demonstrated  the  effectiveness  of  the  vaccine  in  a  wide  variety  of 
non-human  primates  (Paterson  and  Aitken  1990)  and  even  humans 
(Sacco  1987) .  Currently  the  vaccine  is  a  candidate  for  development 
as  a  human  contraceptive  (Millar  et  al.  1989). 

The  vaccine  has  one  major  disadvantage  at  the  present  time. 
During  the  first  year  of  administration  of  the  vaccine,  the  mare 
must  be  inoculated  twice,  about  three  weeks  apart.  Contraceptive 
protection  for  subsequent  years  requires  only  a  single  booster 
inoculation  (Kirkpatrick  et  al.  1992).  Thus,  the  focus  of  current 
research  efforts  is  to  develop  a  one-inoculation  vaccine  which  will 
permit  one  to  two  full  years  of  contraception  after  a  single 
administration.  Basically,  this  will  involve  incorporating 
multiple  doses  of  the  PZP  vaccine  in  a  single  inoculation  in  such 
a  way  that  there  is  an  initial  release  of  some  of  the  vaccine  after 
injection  and  then  a  small  but  constant  release  of  the  remaining 
vaccine,  similar  to  the  way  Contac®  cold  capsules  work.  A  pilot 
study  has  already  been  carried  out  which  has  demonstrated  the 
effectiveness  of  a  continual  release  of  the  vaccine.  This  study, 
with  domestic  mares,  employed  a  single  injection  followed  by 
placement  of  an  implant  under  the  skin,  which  released  the  vaccine 
gradually  over  four  weeks.  Antibodies  were  produced  in  quantities 
which  cause  contraception  and  indicate  that  a  one-inoculation 
sustained  release  system  can  be  effective  as  a  fertility  inhibitor 
(see  Figure  1) . 
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lllL.  tl  : °i  sustained-release  PZP  vaccination  in 
?'  pt \FreY%  and  fable  LadY)  on  anti-PZP  antibody 
S5  ««  ?<S?  „ Vaccination  consisted  of  bolus  injection  of 
65  fig  PZP  and  Freunds  Complete  Adjuvant  (0.5  ccY  followed 
by  sustained  PZP  release  (2.3  Mg/day)  over  28  days  from 
a  subcutaneous ly  implanted  osmotic  minipump  (Alzet 
inc.  .  Control  (LaSense)  received  bolus  PZP  and  Freund's 
Complete  Adjuvant,  but  no  pump.  Plasma  antibody  titers 
are  measured  in  optical  density  units.  The  lower  limit 
of  contraceptive  efficiency  determined  from  previous 
studies  is  0.64  O.D. 


enain!!;^?™^36  encoura9inc?  data  we  have  embarked  upon  the  chemical 
engineering  necessary  to  give  us  this  same  type  of  release  pattern 

^AolT^llTlT'T  n^  ^  *  colla*-atIve  ef fort  between  ?hS 
Medical  College  of  Ohio,  Deaconess  Research  Institute  the 
University  of  California  at  Davis,  and  The  Humane  Society  of  Se 
and* we  ^£JS5 + *?*  timed-release  preparation  is  already  underway 
and  we  expect  to  have  an  initial  testing  of  it  in  domestic  m*r*l 
completed  by  Fall  of  1992.  Additional  fuLfare  needed  tfcomp?e" 

^i3  S!UdY'/n^  thlS  is  the  first  of  three  studies  for  which  we  are 
requesting  funding  from  your  organization. 


The  second  study  for  which  we  are  requesting  funding  support 
is  the  development  of  a  two-year  contraceptive  capability  with  a 
single  injection.  This  will  essentially  involve  an  extension  of 
the  technology  for  the  annual  single-injection  vaccine  described 
above.  It  is  obviously  more  time-  and  cost-efficient  to  deliver 
vaccine  every  other  year  instead  of  annually.  The  timed-release 
technology  which  is  currently  available  must  be  evaluated  for  its 
specific  application  to  the  PZP  vaccine.  This  approach  involves 
formulating  a  single  injection  which  contains  the  two-dose  release 
sequence  for  the  first  year  and  a  single  dose  released  9-12  months 
later  for  contraception  during  the  second  year.  Long-term  timed- 
release  such  as  this,  employing  a  process  called 
microencapsulation,  has  been  used  for  other  applications  (Eldridge 
et  al.  1989)  .  The  high  potency  of  the  vaccine  in  small  amounts 
makes  it  a  very  good  candidate  for  permitting  microencapsulation 
and  still  allowing  remote  delivery. 

While  the  two  studies  described  above  will  be  primarily 
chemical  engineering  (with  testing  of  antibody  levels  in  domestic 
mares) ,  the  true  test  of  the  vaccine  will  require  a  field  study. 
To  accomplish  this,  the  vaccine  will  be  tested  on  free-roaming 
feral  horses  in  Nevada.  This  third  study,  for  which  we  are 
requesting  funding,  will  be  carried  out  in  one  or  two  herd  areas 
mutually  agreed  upon  by  our  research  group  and  the  agency  or 
agencies  appointed  to  make  such  decisions  in  Nevada.  The  field 
trials  will  evaluate  effectiveness  of  the  vaccine  by  pregnancy 
testing  and  foal  counts.  While  remote  delivery  of  vaccine  in  the 
field  by  darting  from  helicopter  or  at  water  holes  is  certainly  a 
reasonable  eventual  goal,  the  proposed  field  trial  will  focus  on 
injection  in  the  chute  following  gathering.  This  will  permit 
guarantee  of  scientific  validity  in  terms  of  assured  injection  of 
vaccine  and  individual  animal  identification.  Other  field  trial 
considerations  such  as  cost,  time,  humaneness  and  safety  will  be 
monitored.  While  it  is  possible  that  the  chemical  engineering  of 
the  single-injection  vaccine  will  be  completed  by  Fall  of  1992,  we 
cannot  guarantee  this.  Therefore,  we  propose  two  possible 
vaccination  protocols  for  the  1992  gathering.  If  the  single-shot 
vaccine  is  complete  at  that  time,  one  half  of  the  mares  will  be 
given  a  single  injection  and  released  while  the  remainder  will  be 
injected,  retained  for  3  weeks,  reinjected  and  released.  If  the 
single-shot  vaccine  is  not  complete,  then  our  current  2-injection 
procedure  will  be  used  on  all  mares.  The  proposed  protocol  will 
require  maintaining  horses  in  captivity  for  3  weeks  (without 
handling) ,  but  will  permit  successful  vaccination  and  maintained 
flow  of  the  project  in  the  event  that  the  single-injection 
engineering  is  delayed  in  completion.  Because  the  second  study 
(i.e.,  two-year  capability)  will  probably  not  be  complete  by  the 
time  the  initial  field  applications  are  needed  the  proposed  first 
round  of  field  testing  will  utilize  only  the  prototype  annual 
single-injection  vaccine  or  current  two-injection  procedure. 

While  this  proposal  is  brief  and  to  the  point,  it  is  important" 
in  outlining  crucial  steps  to  enable  large  scale  contraceptive 
vaccination  of  feral  horses.   We  feel  it  is  necessary  to  point  out 
that  the  alternative  available  contraceptive  technology  -  steroid 


hormone  implants  -  does  not  represent  current  technology  nor  does 
not  cost-efreot1?"1^1;  ^  hWane  ^^^   <*  animals.   It  is 

lAZ^^^l™  b™  °f  P— e  -vfronrentS 

RESEARCH  PLAN 
Rationale 

The  purpose  of  this  proposed  research  -i  <=;  +-H>-Qa  -f~-i^    j 
includes  (1,  development  of  I   functionflone^oculatLn  one-year 

re«u?atIonCoPf  ^  V3CCine  WhiCh  can  be  Slivered  remoteiy  tl/the 
regulation  of  free-roaming  feral  horses,  (2)  extension  of  thiJ 

engineering  technology  to  produce  a  one-linoculation  PZP  vaccine 

which  will  provide  two-years  of  contraceptive  protection  and  f?? 

puhifc^ands0' in^e^d^!"6  °°  *~™*>5  ^   hors^'JnhaSfting 
Objectives 

follow?ngfeCifiC  °bjectives  of  this  Proposed  research  include  the 

I.    Development  of  the  one-inoculation,  one-year  vaccina  Mn  ^ho 
form  of  MICROSPHERES).  vaccxne  (m  the 

X'  iSrnn^S?"-!  lf  thS  PZP  Protein'  °r  antigen,  retains 
immunological  activity  during  preparation  for 
incorporation  into  microsphere,         p      n    tor 

2.  to  engineer  a  sustained-release  formulation  for  a 
one-inoculation  PZP  vaccine  that  will  impart  a  full  year 
of  contraceptive  protection,  i.e.,  microsphere    Y 

3.  to  test  the  effectiveness  of  this  one-inoculation 
one-year  vaccine  to  produce  antibodies  S  domestic 

yeS°Pmoefnt  °ona^ne"^OCUlati°n  PZP  Vaccine  which  imParts  two 
M??RScAP°sfULESC)°ntraCePtlVe   ^°tecti-   d»   the   ?orm   of 

1.  to.  determine  whether  the  PZP  antigen  retains 
immunological  activity  during  preparation  fS? 
incorporation  into  microcapsules,     Reparation    tor 

2'         forT^T  a  t^-^l^se,  pulsed-release  formulation 
1?'  Tlatl°n  vaccine  which  will  impart  two-years 
ot  contraception,  . 

3'    SJh.?6!*  the  effectiveness  of  the  one  inoculation, 

Hoi   ?   JGar  PZP  vaccine  to  produce  antibodies  in 
domestic  horses. 


II 


III.  Remote  field  testing  of  the  PZP  vaccine  in  its  current  2- 
injection  form  or  as  a  single-injection  prototype  on 
free-roaming  horses  in  Nevada.  Note  that  additional  field 
trials  will  be  needed  to  complete  PZP  vaccine  testing,  and 
these  will  be  addressed  in  a  subsequent  proposal. 

Considerations  in  the  development  of  a  one-inoculation  PZP  vaccine 

At  the  present  time  a  minimum  of  two  inoculations  of  the  PZP 
vaccine,  given  three  weeks  apart,  are  necessary  for  effective 
contraception  in  horses.  Despite  the  >  95%  contraceptive 
effectiveness  of  the  vaccine,  the  need  for  two  inoculations  greatly 
limits  the  usefulness  of  this  approach  for  use  in  free-roaming 
horses.  Thus,  the  first  goal  of  this  proposed  research  is  to 
develop  a  method  for  delivering  a  single  inoculation  of  PZP  vaccine 
which  will  result  in  an  immediate  release  of  some  of  the  vaccine 
antigen,  and  then  a  second  release  of  the  vaccine,  either 
continuously  for  a  month  or  so  or  as  a  pulsed  release  about  3  weeks 
later.  Ideally,  the  one  inoculation  would  also  contain  a  third 
dose  of  the  vaccine  which  would  be  released  about  one  year  later, 
thus  resulting  in  contraceptive  protection  for  two  or  more  years. 

There  are  two  existing  technologies  which  can  immediately  be 
applied  to  the  PZP  vaccine  to  meet  these  goals.  The  first  is  to 
bind  the  PZP  antigen  within  an  inert  non-toxic  polymer  which,  upon 
injection,  will  release  the  antigen  continuously  but  slowly  over 
some  period  of  time.  The  chemical  particles  which  contain  the 
antigen  are  referred  to  as  microspheres.  The  second  technology  is 
microencapsulation  of  the  PZP  antigen.  This  involves  coating  the 
antigen  with  a  non-toxic  material  which,  after  injection,  erodes 
away  and  also  releases  the  antigen.  Microcapsules  differ  from 
microspheres  in  that  they  cause  a  sharp,  timed,  pulsed  release  of 
the  antigen  rather  than  a  sustained  release  (Maulding  1987) . 

The  first  timed-release  approach  involves  the  continuous, 
controlled  release  of  PZP  antigen  imbedded  within  a  microsphere 
matrix  of  poly  (L-lactide)  or  copolymers  of  lactide  and  glycolide. 
This  approach  has  been  used  for  the  delivery  of  a  large  number  of 
drugs,  including  intramuscular  and  subdermal  contraceptive  agents, 
cancer  chemotherapeutics  and  vaccines  (Cowsar  et  al.  1985;  Linhardt 
1989;  Staas  et  al.  1991).  This  methodology  initially  appeared  less 
promising  than  microencapsulation  (see  below)  because  the  process 
causes  a  continuous  release  of  the  antigen  rather  than  pulses,  and- 
continuous  release  might  result  in  tolerance  to  the  antigen  rather 
than  production  of  high  concentrations  (titers)  of  antibodies. 
However,  our  preliminary  study  of  continuous  release  of  PZP  antigen 
in  mares  (see  page  4,  Figure  1)  has  demonstrated  that  high  titers 
of  antibody,  well  above  the  contraceptive  threshold,  can  be 
obtained  by  continuous  release.  These  results  make  this  approach 
very  attractive.  Microsphere  release  of  a  common  protein  (bovine 
serum  albumin,  or  BSA)  indicates  that  this  process  can  duplicate 
the  release  we  achieved  with  the  implant  (see  Figure  2) .  The  two 
real  critical  questions  are  whether  or  not  the  PZP  protein  will 
withstand  the  chemical  process  required  for  incorporation  into 


microspheres  and  whether  microsphere*  PZP  vaccine  win  work  in 
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Figure  2.  Release^  rates  for  bovine  serum  albumin  from  lactide 

r^bex?S?rra°neSCtahPereated  "5  ^  ^e^S  ^M^e 
ax.  xyayj  ,  and  there  is  a  hiqh  orobabi  "I -i +-v  +->.=,+-  *.v       ^  y 

can  be  done  for  the  intramuscular  iSjec?ion  of  PZp.J;  sam\th;^ 
microencapsulation  process  the  proSeiS  an?iaen pzp "  /r?  *M  ^ 
is  coated  with  a  non-toxic  polymer  material  ZJ%  •  C3Sf ' 
capsules  about  the  size  of  talcum  powder  ari?^  PrTT°duci.n9  s?a11 
into  the  animal  the  coating  begins  toerode  m?9™  in3ectlon 
complete,  the  PZP  is  released    wt Z  erode.    When  erosion  is 

technique  -  microencapsu?^JoA  -  So^SiSJTcSSJ  **?*  ^  V^Y 
hormones  to  feral  horses  fsee  Vf>-v«  ^-f1^   contraceptive  steroid 

Kirkpatrick  SS?,1  ££S "  ^Su5SSS*19flf  *"  ££l  ""f  a"d 

rates     for     vaccines     inrnmorat-^     f  f    '     f    X>  •     Long-term  release 

reported   U  bTma^Vined" for*  ufto'Tye UTTs^1^    hfVe     been 
and    we    expect    that    the    same    sort    of  ^uslained    t«f   ^    199? 
achieved     with     the     PZP     antigen.         Once     aaain      1       S866    C.an.    be 
questions    are    whether    the   Ifntiger n    withstand    th.°    SiS^ 
process   required   for   incorporated   into  mi^lpaSea^^SSSr 


the  preparation  works  in  vivo. 

There  are  several  laboratories  which  can  microencapsulate 
protein  molecules.  The  most  established  microencapsulation 
laboratories  in  the  U.S.  are  Southern  Research  Institute 
(Birmingham,  AL)  ,  and  Medisorb  Technologies  (Cincinnati,  OH)  . 
Their  approach  is  to  coat  the  protein  antigen  with  a  non-toxic 
biodegradable  coating  (D,L-lactide  and  D,L-lactide  co-glycolide) 
which,  on  contact  with  tissue  fluids  breaks  down  into  harmless 
products  such  as  carbon  dioxide  and  lactic  acid  (Redding  et  al. 
1988)  .  When  the  coating  erodes,  the  protein  antigen  is  released 
and  stimulates  the  animal  to  produce  antibodies  which  will  bind  to 
its  own  zonae  pellucidae,  on  its  own  eggs,  and  thereby  block 
fertilization. 

Considerations  for  field  tests  of  the  one-inoculation  vaccine: 

Regardless  of  the  success  of  the  chemical  engineering  necessary  to 
develop  the  one-inoculation  vaccine,  the  ultimate  measure  of 
success  in  this  project  will  be  the  effectiveness  of  inhibiting 
fertility  in  PZP-treated  free-roaming  feral  horses  in  Nevada. 
Thus,  the  second  major  component  of  this  project  is  to  test  the 
one-inoculation  vaccine  under  field  conditions.  This  will  involve 
selection  of  an  appropriate  herd  area  in  Nevada,  gathering  of 
horses  at  the  appropriate  time  administration  of  PZP  vaccine  or 
placebo  to  identified  mares  in  the  field  and  monitoring  of  these 
mares  for  pregnancy  and  foaling. 

METHODS 

STUDY  1 

PZP  Microsphere  Development:  This  work  will  be  performed  under 
subcontract,  in  the  laboratory  of  R.  Linhardt,  at  the  University  of 
Iowa.  Approximately  3.0  mg  of  PZP  will  be  obtained  from  I.M.K. 
Liu,  at  the  University  of  California,  Davis.  The  PZP  will  be 
tested  for  its  ability  to  withstand  concentrating,  lyophilization, 
organic  solvent  exposure,  desalting,  and  heat  exposure.  These 
tests  are  necessary  to  determine  if  the  PZP  antigen  can  withstand 
the  actual  chemical  processes  necessary  for  incorporation  into 
microspheres.  Retention  of  the  PZP's  ability  to  raise  antibodies 
will  be  determined  by  a  procedure  known  as  western  blot 
electrophoresis,  using  PZP  anti-horse  antibodies  already  prepared 
at  U.C. -Davis,  by  M.  Bernoco.  If  the  PZP  retains  its  ability  to 
raise  antibodies,  the  next  step  is  to  actually  incorporate  65  /ig 
doses  of  PZP,  along  with  an  appropriate  adjuvant,  into 
microspheres.  These  microspheres  will  then  be  injected  into  3 
domestic  horses,  at  the  Equine  Reproduction  Laboratory  at 
U.C. -Davis.  Periodic  blood  samples  will  be  collected  to  determine 
if  the  horses  are  raising  antibodies  against  the  microspheres. 

Microsphere  preparation  and  in.  vivo  testing:  If  antibody  titers 
sufficient  for  contraception  are  obtained,  the  most  promising 
formulation  will  be  prepared  for  injection  into  a  larger  number  of 
domestic  horses.  Preparation  will  be  by  R.  Linhardt  and  associates 
using  procedures  previously  described  (Wang  et  al.,  1990,  1991). 


PZP  release  rates  will  be  designed  on  the  basis  of  previously 
and  eHo  u°aST  U11h<MrB"'  S"ch  that  "  W  is  released^nit^ally 
Also  FrLn^i  r  ^  c°ntl™°*slY  thereafter  over  one  month! 
Also  Freund's  Complete  Adjuvant  (FCA)  will  be  used  based  on 
previous  success  with  this  adjuvant  in  horses  Adiuvants  a?2 
compounds  which,  when  given  with  a  vaccine,  cause  the  targe? 
animals'  immune  systems  to  produce  very  high  concentrations  of 
antibodies  against  the  vaccine.   A  study  is  already  underway  which 

minimaTs^J ^SLE-  PH°Ssible  Use  of  <**«  adjuvants  XBx  have 
minimal  side  effects  and  maximum  antibody  responses  This  adiuvan-h 
study,  conducted  by  us  and  funded  in  part  Sy  thf  American 
oar^n^T  °f  Zoolo^ical  Park*  *nd  Aquariums  (AAZPA?  wm  m 
parallel  to  our  research  on  a  one-inoculation  PZP  vaccine  and  win 
provide  valuable  information  for  identifying  sound "  adiuvants  for 
u??ll^h,the  ?P  V>fCClne  in  h0rSeS'   The  expanded  horse  sludy  win 

?    avS  Ivfn?  ^  the  EqUinS  ReProd^tion  Laboratory  at 
u.e.  Davis,  and  will  be  supervised  by  Dr.  i.k.M.  Liu. 

Study  Design 

Group  1  -  Free  PZP  bolus  and  PZP  microspheres  +  FCA  (n=5) 
Group  2  -  PZP  microspheres  +  FCA  (n=5) 

Group  3  -  Empty  (or  BSA-loaded)  microspheres  +  FCA  (n=5) 
Study  Schedule 

^         irp?eferreS.inJeCtl°n  *  "****   Prl°r  t0  °nSet  °f  deeding 

2*  niS2d-  Sa*?l*  Pri°r  to  Peculation  and  monthly 
post-inoculation  for  antibody  titer  measurement. 

3*  »oSiivand/<lr  -Urin?  sainPles  Prior  to  inoculation  and 
monthly  post-inoculation  to  determine  pregnancy  This 
will  be  performed  by  J.  F.  Kirkpatrick ,  Deaconess 
Research  Institute,  Billings,  MT  and  will  provide 
information  regarding  contraceptive  efficacy  eight  months 
prior  to  expected  foaling  time,  thereby  permitJina 
research  *°*    desi^nin9  the  next  pha^e  of  tSe 

4.  All  mares  will  be  placed  with  fertile  stallions  and  the 
above  schedule  of  collections  and  tests  will  SS  carrieS 

Sresh^H  antib°dy  ,titerS  dr°P  below  the  contraceptive 
n«o? old1  Cpreviously  determined  by  i.k.M.  Liu  el  al. 
(1989) ;  all  animals  will  be  monitored  for  general  health 
and  physical  condition  during  the  study.         neaitn 

Part  of  Study  1  is  already  underway  as  a  collaborativP  pffnrf 
between  The  Humane  Society  of  the  U.S.,  the  Medtaf    lege 

Davis   and^thrrf636^^111^1^6'  the  Varsity  of  CalTfornTa  at 
uavis,  and  the  University  of  Iowa. 
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STUDY  2 

Two-year  contraceptive  vaccine  with  a  single  inoculation 
(microencapsulation) :  This  is  primarily  a  chemical  engineering 
study  and  will  involve  subcontracting  with  one  of  several  companies 
(Southern  Research  Institute,  Birmingham,  AL;  Medisorb 
Technologies,  Inc. ,  Cincinnati,  OH)  to  formulate  the  PZP 
preparation  according  to  the  timed-release  schedule  we  request. 
Testing  of  antibody-stimulation  characteristics  will  be  performed 
by  I.K.M.  Liu.  Basically  this  research  will  follow  the  same  steps 
described  above  for  the  one-year  microsphere  inoculation,  i.e.,  (1) 
testing  of  the  antigen  for  its  ability  to  withstand  the  process  of 
microencapsulation,  (2)  incorporation  of  PZP  antigen  into 
microcapsules  designed  to  give  a  release  one-month,  and  10  months 
after  injection,  and  (3)  in  vivo  testing  of  microcapsules  in 
domestic  horses.  Depending  upon  the  start-up  date,  this  projected 
research  will  permit  in  vivo  testing  in  domestic  mares  by  Fall  of 
1992. 

STUDY  3 

Field  study  of  one-inoculation  PZP  vaccine 

Selection  of  field  site:  A  feral  horse  herd  in  Nevada  will  be 
identified  and  agreed  upon  for  field  test  of  the  PZP  vaccine. 
Selection  will  require  mutual  agreement  by  our  research  group,  the 
Bureau  of  Land  Management  and  the  State  of  Nevada.  Selection 
criteria  will  include  (1)  topography  suitable  for  testing,  (2)  herd 
size  suitable  for  testing,  (3)  available  background  data  regarding 
fertility  rates,  mortality  rates,  and  population  dynamics  which 
will  permit  reasonable  population  modelling,  and  (4)  available 
logistical  support  (housing,  transportation,  etc.).  The  site 
presently  under  most  serious  consideration  is  the  combined  herd 
management  areas  of  Antelope  and  Antelope  Valley  in  eastern  Nevada. 
All  agencies  with  regulatory  authority  over  the  test  animals  must 
agree,  in  writing,  that  only  horse  gathers  or  removals  associated 
with  the  experimental  design  of  this  study  will  be  conducted  during 
the  course  of  these  studies. 

For  the  selected  feral  horse  population  several  population 
parameters  must  be  established  before  treatment  can  begin.  First, 
the  desired  population  effect  must  be  determined.  This  can  be 
stated  as  a  question;  do  we  wish  to  achieve  negative  growth,  zero 
growth,  or  some  predetermined  low  growth  rate?  Second,  once  the 
desired  population  effect  has  been  decided  upon,  we  must  determine 
what  percentage  of  sexually  mature  mares  must  be  treated  in  order 
to  achieve  the  population  effect,  i.e.,  60%,  70%,  etc.  Finally,  we 
suspect  that  there  are  differential  fecundity  rates  among  mares 
with  foals  (yearlings  at  the  time  of  treatment)  and  those  without 
foals.  Recent  evidence  from  feral  horses  in  California  (J.  W. 
Turner,  unpublished  data)  and  on  a  barrier  island  (Kirkpatrick  and 
Turner  1991)  indicate  that  mares  without  foals  are  more  likely  to 
be  pregnant  than  those  with  foals  and  are  less  likely  to  become 
pregnant  the  next  year.  In  the  herd  or  herds  to  be  treated  in  the 
proposed  studies  contraceptive  treatment  efforts  will  include  as 

n 


many    mares    with    foals    as    possible.         The    detor.in»n„„    „«    <■>. 

wn?chatli°no-90HalS,'     SiZS    °f    thS    tar9et    treatment    population'    and 
which      individual      animals      provide      the      best      oonortnni?,/     ?~- 

sugStT/^aTt^n,  ""   ?"    d°maln    °<   P^'^tioTmod™   ing    (we' 

^    Tnd  ^se^meters^  ff^SSTffik.' "soSa* 

n^^rand^ntriope  val^/ ^of^  £2^ .  ^V  S?pe 

informed  BM  persons?,   an* 4"    oAoTU'  ma^in™  helTye"/^*: 

group  may  be  available  for  the  studv      Prior  tn  *=„<  „S  •       I     f.af 

n^trit'ion^l^st^te^artn"^11  ^  K*"1  Is  "3?  rTa^na^y  '  go  It 

SSSKSaS  S3SS >r== 

2?  re^n-t  SS^fiff  S.^iHSH^ 

1989)  and  injection  of  selected  mares  can  be  accomplished  bviah- 
stick  in  chutes,  or  blowpipes  in  the  corrals.  Y  3 

Liu,    ™™£i%t%B*heSe  ^^X^li?  "-Produced  by  i.k.m. 

institute;  M«di.iSto^SehiioS5iS  Sa  ?  n!?':  Soutllern  ^search 
tosses  Will   be  con.ucSonTto^W  aS^o^rSSS 

vete^ia^wU7!  ff^E  tSTEg*  Treatment T"*  ^ 
be  done  in  a  blind  study  initiated  in'  f a n  /^?  v,f  lna"s  Wl11 
successful  protocol  developed  In  the  course  ?! ^h  f*  T  thS 
island  studies.  Pending  availability  of ^^la-L^™"****?1" 
and  140  mares  for  treatment     t-hc ,X,i  i  .     •     slngle-m:)ection  vaccine 

be   included:      2-in^fection  PZP^sl?      ,  ^  gr.°UPS  and  nUmbers  wil1 

injection  PZP  9516?;^rnjePc\Pio(n55piac2e"bonDe(C15)0n  ^l-iniecti1" 
groups   are   essential   in  this   study  as   a  reference  T«t         -^      ^10. 

that  social  structure  is  intact  and  ?o  determine  ^^  document 
significant  change  in  behavior.  Essmtian^  if  .there  is  any 
whether  or  not  harem  groups  are  intact  l&S!  *"  lnterested. in 
attended  by  the  stallions,  and  whether  mares  **- S  „*" ,  ^^ 
clinical  signs  of  behavioral  estrus.  LcUtional  lv  dlSplaj:ing 
number  of  treated  mares  with  unique  identffyin^arkinaa  SE?*^ 
Photographed  for   later   identification.      ThisvX  ^  import  ani  for 
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determining  the  duration  of  contraceptive  effects. 

Although  the  initial  test  will  utilize  gathered  horses  and 
direct  injection  of  vaccine,  an  important  consideration  for  vaccine 
delivery  in  the  future  is  remote  darting.  Therefore,  preliminary 
evaluation  of  this  issue  will  be  undertaken  in  the  proposed 
studies.  Capture  gun  technology  is  designed  primarily  for 
immobilizing  animals,  and  not  for  remote  delivery  of  drugs. 
Modifications  of  equipment  and  techniques  of  delivery  are  required 
to  deliver  drugs  remotely  to  free-roaming  animals  and  our 
experience  with  feral  horses  on  Assateague  Island  has  provided  a 
great  deal  of  experience  in  this  area.  There  are  currently  several 
brands  and  models  of  capture  guns  and  self -injecting  darts  which 
can  be  considered  candidates  for  this  work.  These  include  the 
Pax-Arms  rifle,  Pneu-dart,  Inc. ,  and  the  Teleinject  system. 
Additionally,  Dr.  Lee  Simmons,  of  the  Omaha  Zoo,  can  provide  custom 
capture  rifles.  Each  of  these  instruments  has  advantages  and 
disadvantages  and  it  is  our  intention,  in  the  course  of  this  study, 
to  evaluate  all  systems  and  seek  appropriate  modifications  in  order 
to  achieve  the  greatest  success.  It  is  important  to  remember  that, 
even  when  the  one-inoculation  vaccine  is  available,  it  will  do 
little  good  if  we  can't  get  it  into  the  horses. 

Pregnancy  diagnosis:  At  the  time  of  the  gather  (1992)  blood/fecal 
samples  will  be  collected  for  pregnancy  testing.  Mares  given  2- 
injections  of  PZP  will  also  be  blood  sampled  at  the  time  of  2nd 
injection  for  antibody  titer  testing.  Between  August  and  November 
(1993)  following  the  breeding  season  urine  and/or  fecal  samples 
will  be  collected  from  a  statistically  valid  sample  of  the  treated 
and  untreated  populations.  The  urine  and  fecal  samples  will  be 
collected  as  described  by  Kirkpatrick  et  al.  (1988,  1991a),  and 
measured  for  pregnancy-dependent  estrone  conjugates  and 
non-specific  progesterone  metabolites  as  described  by  Kirkpatrick 
et  al.  (1988,  1990b,  1991b).  The  establishment  of  pregnancy  rates 
is  important  because  foaling  rates  do  not  always  provide  accurate 
pictures  of  contraceptive  effectiveness.  Fetal  loss  and  early  foal 
mortality  (the  latter  witnessed  by  J.  W.  Turner  among  California 
feral  horses  where  foals  are  subject  to  lion  predation)  can 
confound  the  measurement  of  contraceptive  effectiveness;  early 
pregnancy  determination  can  provide  a  more  accurate  picture.  And, 
while  pregnancy  detection  is  important,  in  keeping  with  our 
research  group's  concern  for  the  safety  and  humane  treatment  of 
horses,  remote  pregnancy  testing  is  an  integral  part  of  a  complete 
hands-off  approach  to  fertility  control. 

Experimental  controls:  Previous  work  with  feral  horses  on 
Assateague  Island  national  Seashore  has  documented  the  lack  of 
contraceptive  effects  of  placebo  vaccination  upon  control  animals. 
However,  the  validity  of  the  proposed  field  test  will  be  insured  by 
including  placebo  controls  for  each  type  of  treatment.  The  control 
preps  will  consist  of  an  emulsion  of  phosphate  buffer  solution  and 
Fr eund  * s  ad j  uvant . 

Treatment  Evaluation:  Field  studies  of  contraception  can  be 
evaluated  and  measured  for  success  or  failure  in  different  ways. 
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Our  approach  is  to  document  the  pharmacological  success  of 

25  fSf1011-,  This  WU1  be  ^omplished  by  comparing  pr^nancy 
and  foaling  rates  among  treated  and  untreated  mares  This  is  a 
maDor  focus  of  the  present  proposal  and  will  be  curled  out  by  our 
research  group.  While  it  will  ultimately  be  necessar?  to 
understand  what  the  effects  of  contraception  may  be  uPOn  the 

sSdi^'^Non^her'  **£  1S  bey°nd  «»■«*•  of  ou^roposed 
studies.   Nonetheless,  the  proposed  field  trial  can  provide  the 

beginning  of  a  data  base  for  population  models  to  determine  to  what 
Sro^T^arnoLT^.^  alter  th£  —WW-  -Y^cVES 

Animal  care:  All  research  conducted  in  the  course  of  this  oroiect 

committeeSSU5eS  ll  ^^  -by  the  appropriate  animal  research 
SETS  n  thS  three  institutions  involved  (Medical  College  of 
Ohio  Deaconess  Research  Institute,  and  the  Universitv  of 
California  at  Davis) ,  and  will  be  conducted  only  after  approval  £v 

SanLrdsTo^ffd    /**  re^lations  ««ro Jding  *.£££     care 

standards  for  wild  or  free-roaming  species  are  not  clear-   tinuovor 

Seeding!  ""  ^^^  ln  thlS  StUdy'   Whsther  *—tio  or 

^Hi,""  J"'1"''1",  relating;  our  research  group's  experience 
wrth  the  highly  visible  and  successful  Assateague  Island  feral 

"L°aStlOD,  SKtUdy  „haS  made  "  ^trenely  clear  that  a 
serious  attempt  must  be  made  to  keep  the  public  infnmert  *„a   t-t. 

norsesearPeenthand  "?*"?  djal05ue  with  the  5SSS!  "Ksafeague 
hS£M  •  I     ?!    m°s1r  Vlslble  -  ">d  perhaps  most  adored  -  feral 

gas  fa??  as«?iLffi^„-j&^aS^J 

This  involved  the  print  media,  local  and  national  ne?Sork  TV  and 
visible  heVT^'  „  f  ^  S±X  YSarS  °f  "search  with  thL  higSJy 
vear  thert'  ^f^  S°^  7?°'000  visitors  come  to  view  it  lach 
year   there  has   been   absolutely  no   public  resistant   a,n 

£f£y  element?  t^0^'    inclu^^  «SS  pro?e1tionngroupsd 
rne  Jcey  elements  of  this  successful  relationship  with  the  nnhiiA 
were  careful  documentation  of  each  step  of  ?he  research  and 
willingness  and  efforts  to  share  this  inf oLation  with  th^ public 
It  is  our  intention  to  do  the  sam^  t-h-inrr  uVtiT  I u  ■    PUD11C- 
research.   An  experienced  Public%eTamtions12xpeWrttwirihlbSe  S3K2 
by  the  research  team  on  a  consulting  basis,   to  desian  an 
appropriate  public  relations  program  and  to  develop  the  neceSsarv 
TJ,tr'£lli*rn  disseminatin9  information.   Our  research  group  nts 
years  A  Ji.2  k   seriously  injured  a  horse  in  the  course  of 
years  of  research;  we  are  as  proud  of  that  as  we  are  of  our 
contraceptive  success.   We  feel  that  the  public  must  be Table  to 

of SL?aI  IniLr  th?  ?rS  WS  ^^  lf  this  -PP-achTo  the  control 
Of  feral  animal  populations  is  to  become  accepted.  No  information 
will  be  released  without  going  through  the  consultant resource whS 
must  have  approval  of  the  research  team  scientists  to?'  an? 
information  release.  s  ror  any 
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INVESTIGATOR  EXPERIENCE 

The  three  investigators  are  Dr.  John  W.  Turner,  Jr.  , 
Department  of  Physiology  and  Biophysics,  Medical  College  of  Ohio, 
Toledo,  Dr.  Jay  P.  Kirkpatrick,  Deaconess  Research  Institute, 
Billings,  MT,  and  Dr.  Irwin  K.  M.  Liu,  University  of  California, 
Davis,  and  the  collaborating  agency  is  the  Humane  Society  of  the 
U.S.  Drs.  Turner  and  Kirkpatrick  have  been  involved  in  studies  of 
the  biology  of  feral  horses  for  18  years.  These  studies  have 
focused  on  hormonal  contraception  and  immunocontraception  of  both 
stallions  and  mares  and  culminated  in  the  successful 
immunocontraception  of  the  Assateague  horses.  Funding  for  these 
projects  have  come  from  a  variety  of  source  but  primarily  from  the 
Department  of  the  Interior,  through  the  Bureau  of  Land  Management 
(Contract  YA-512-CT)  and  the  National  Park  Service  (Contract 
CA-1600-30005) .  In  addition  to  contraceptive  studies  these  two 
investigators  have  also  pioneered  non-capture  methodologies  for 
detecting  pregnancy  and  monitoring  ovarian  function  among 
free-roaming  feral  horses  in  order  to  develop  a  complete 
"hands-off"  technology  for  the  control  of  feral  horse  reproduction. 
Both  investigators  will  personally  devote  a  significant  portion  of 
their  time  to  this  project.  Specifically,  Dr.  Turner  will  oversee 
the  chemical  engineering  of  the  one-inoculation  vaccine  and  play  a 
significant  role  in  designing  and  conducting  the  field  testing  of 
the  vaccine.  Dr.  Kirkpatrick  will  be  in  charge  of  remote  pregnancy 
detection,  evaluation  of  vaccine  delivery  equipment,  development  of 
the  public  relations  program  and  will  participate  in  field  tests. 
Together  these  investigators  are  responsible  for  28  published 
scientific  articles  relating  to  feral  horse  biology  and 
contraception,  as  well  as  numerous  articles  in  the  popular  press. 
Dr.  I.M.K.  Liu  is  an  equine  immunologist  in  the  School  of 
Veterinary  Medicine  at  U.C. -Davis.  Dr.  Liu  was  responsible  for 
originally  determining  that  the  PZP  vaccine  is  effective  in  horses 
and  he  has  extensive  experience  testing  this  vaccine  with  feral 
horses  living  on  sanctuaries.  He  will  be  in  charge  of  vaccine 
production  and  antibody  testing.  All  investigators  will  be  present 
for  the  gathering  and  treatment  of  horses.  Academic  credentials 
and  qualifications  for  the  three  co-investigators  are  provided  in 
the  appendix. 

PROJECT  EVALUATION 

The  project  will  be  evaluated  periodically  at  several  check 
points,  as  well  as  at  the  conclusion.  The  check  points,  derived 
from  the  stated  goals  include  (1)  in  vivo  testing  of  the 
microsphere  PZP  vaccine  (evaluation  criteria  =  antibody 
concentrations  and  pregnancy  rates) ,  (2)  in  vivo  testing  of  the 
microcapsule  PZP  vaccine  (evaluation  criteria  =  antibody 
concentrations  and  pregnancy  rates) ,  (3)  effectiveness  in  the  field 
of  the  vaccine  delivered  to  feral  horses  percent  of  treated  vs. 
control  mares  which  produce  foals.  All  endpoint  evaluations  are 
measurable  and  will  result  in  data  which  can  be  tested  for 
significance. 
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PROPOSED  PROJECT  BUDGET 
SECTION  I.    UNIVERSITY  OF  NEVADA,  RENO  (UNR)  BUDGET 

A.  Personnel  -,  ''*  *  ' 
Principal  Investigator  (K.  Hunter)  $5,831 
(P.I.  commitment  to  project  is  5%  of  total  time,  plus  19% 
fringe  benefits) 

: :.„., . ,  , .    .  .„„■.•-  .-  ; •■  i ,      -f   ,j-i     ■  ■■  -•■ 

B.  Travel 

Travel  from  university  to  study  site  via  university     $500 
vehicle  for  P.I.  and  members  of  oversight  committee 

-  ..  -    '.'.*  -■  .  v..  ■  3'»C  lk°~<l   '  '■■■■  -' '  '-'•> '      '■'■'    '■    : '  ;  '';';'; '  -^"  '  '■'-  ■ 

f\  >     DIRECT  COST  TOTAL    $6,331 

INDIRECT  COST  TOTAL*    $11,075 

...„  ,         :„M;f,s^,.;.=  -:i,jfv;3i-i.-.,   -si  TOTAL  UNR  COSTS    $17,406 

*    includes  indirect  costs  on  first  $25,000  of  subcontract  to 

Medical  College  of  Ohio 

SECTION  II.   PROPOSED  SUBCONTRACT  BUDGET  (MEDICAL  COLLEGE  OP  OHIO) 

PART  I.    Chemical   Engineering   (Microsphere/Microencapsulation) 
Study 

A.    Personnel 


Principal  Investigator  (J.  Turner)  $14,523.00 

(P.I.  commitment  to  this  project  is  20%  of 
full-time  effort.   Plus  34%  fringe  benefits) 

Co-Principal  Investigator  (J.  Kirkpatrick)        $6,100.00 
(Co-P. I.  commitment  to  this  project  is  10%  of 
full-time  effort.   Plus  22%  fringe  benefits) 

Research  Associate       -  $18 , 000 . 00 

(Salary  for  preparation  of  PZP.   30%  of  full- 
time  '\i  . , 
effort.   Plus  34%  fringe  benefits) -:^ 

Laboratory/ Secretarial  Assistance  $14,472.00 

(Part-time,  $9/hr.  X  24  hrs/wk  (Medical 
College  of  Ohio)  x  40  wks,  plus  34%  fringe  benefits) 

Laboratory  Technician                            $16,080.00 
(Part-time,  $l0/hr.  X  30  hrs/wk  X  40  wks, 
plus  34%  fringe  benefits) 


SUBTOTAL     $69,175.00 

-  ,'f;;  ;  .).  "        .    •**'"fi1J..,    'fit.   '  i'"J    ■    S  '■■■'■  -  I    "  '■»  ■ 
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B-    Microsphere  and  Microcapsule  Formulation  and  Testing 

Viability  testing  of  vaccine  for  the  formulations  $  5,000.00 
Timed-release  vaccine  preparation  $16,000.00 

Vaccine  release  characteristics  testing  $14,000.00 

In  vivo  testing  of  the  timed-release  vaccine      $15,000.00 


SUBTOTAL     $50,000.00 
C.    Equipment 

Dionex  Pulsed  Electrochemical  Detector  $  7  900  00 

and  electrode  for  HPLC  analysis  of  urine/ feces      ' 

Reciprocal  shaker  for  urine/fecal  extractions     $  2,000.00 


SUBTOTAL     $  9,900.00 

D.  Supplies 

Supplies  for  PZP  preparation,  antibody  monitoring, 

blood  collection,  horse  maintenance  '$  5  800.00 

E.  Communications 

Phone,  fax,  mailing,  copying  $  i,600.00 

P.    Consultants 

Public  Relations  Costs  $  6/000.00 

G.   Travel 

Principal  Investigator  (J.  Turner) : 

Toledo  to  site  for  microsphere  preparation        $    900  00 

Toledo  to  site  for  microencapsulation  preparation  $  l,80o!oo 
(2  trips) 

Toledo  to  site  for  timed-release  vaccine  testing   $    900  00 
in  vivo  3   v 

SUBTOTAL     $  17,000.00 

DIRECT  SUBCONTRACT  COST  SUM  (PART  I)    $146,075  00 
MCO  Indirect  Costs  (20%  of  above)       $  29,' 215.  00 

TOTAL  SUBCONTRACT  COSTS  (PART  I)         $175,290.00 

Part  II.   Field  Trials  Study 

The  costs  of  field  trials  will  depend  on  the  range  site 
selected.    Since  conditions  and  tactical  support  elements  vary 
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considerable  from  range  to  range,  it  is  not  possible  to  make  a 
reliable  cost  projection.  However,  there  are  some  aspects  of  the 
field  trial  costs  which  are  fixed  and  an  overall  cost  estimate  can 
be  made,  assuming  up  to  14  0  mares  will  be  treated. 

The  following  budget  is  divided  into  2  parts.  Section  A  shows 
costs  which  will  be  provided  to  the  Medical  College  of  Ohio,  and 
Section  B  shows  costs  which  will  be  covered  within  the  operating 
budget  of  the  BLM. 

Section  A.      (Costs  Provided  to  MCO) 

1.  Personnel  costs  for  2  field  technicians 
(students)  to  carry  out  the  field  monitoring 
of  the  PZP-treated  and  placebo  horses, 
including  urine/ fecal  sample  collections  for 
pregnancy  testing  and  behavioral  monitoring. 
Vehicles,  fuel,  and  housing  to  be  provided  by 
BLM. 

$8.00/hr  X  8  hr/day  X  100  days  X  2  persons  $   17,152.00 
■  (plus  34%  fringe  benefits) 

$15.00/person  per  diem  X  100  days  $   3,000.00 


SUBTOTAL     $   2  0,152.00 
Equipment 

a.  Horse  identification  by  videotape 
has  proven  superior  in  our  studies, 
and   we    recommend    that    each 

monitoring    person    have    such  j! 

capability.   Cost  for  freeze-frame 

videocamera  is  about  $1,500.  ji 

Sony  TR-101  handycam  $1,500  X  2        $   3,000.00 


b.  Binoculars  $200  X  2  $    400.00 

c.  Spotting  scope  $3  00  X  2  $     600.00 


SUBTOTAL     $   4,000.00 


Supplies  and  communications,  i.e.,  $   2,500.00 

for  sample  collection  and  storage, 
horse  monitoring,  phone  and  mailing 

The  cost  of  vaccine  will  depend  on  the  results 
of  the  Microsphere-Microencapsulation  study 
and  on  the  number  of  horses  to  be  treated.  A 
conservative  estimate  is  $3 5 /horse.  If  the 
experimental  phase  is  successful  a  larger 
scale  PZP  preparation  system  will  greatly 
reduce  the  cost  per  horse. 
Based  on  110  mares  treated  plus  35  reserve  doses. 
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Estimated  Subtotal  $  5,075.00 

Cost    of    pregnancy    testing    will    be 
approximately   $15.00   per   sample   including 
shipping  and  assay  and  will  be  based  on  14  0 
mares   (30   control   and   110   experimental) 
Estimated  Subtotal  $  2,100.00 


SUBTOTAL     $  9,675.00 
Travel 

Travel  by  Turner,  Kirkpatrick,  Liu  and 
assistant  to  range  site  to  perform 
vaccinations.  $  3,000.00 

Travel  by  Dr.  Turner  or  Kirkpatrick  to  verify 
foal  counts  and  evaluate  horse  population  in 
study  range.  $  2,000.00 

Travel  by  2  field  technicians  to  range  site.  $  2,000.00 


SUBTOTAL     $  7,000.00 


Total  Direct  Costs  for  Section  A.   $40,827.00 
MCO  Indirect  Costs  (20%)  $  8,165.00 

Total  Costs  for  Section  A.         $48,992.00 
Section  B.   (Costs  Covered  Directly  by  BLM) 

1-  All  helicopter  costs:  for  initial 
observations  of  range,  gathers  of  horses  for 
PZP  treatment  and  post-treatment  monitoring 
(including  flyovers  for  horses  identifications 
and  foal  counts) . 

2.  All  equipment,  supplies  and  personnel  costs 
for  gathering  of  horses  and  maintenance  of 
captive  horses,  including  corrals,  freeze- 
branding,  disease  testing,  veterinary  care, 
feed,  water/ feed  transport. 

3.  Provision  of  4  X  4  vehicles  and  fuel  for  all 
research  activities  during  the  field  trial. 


PROJECT  BUDGET  SUMMARY 
University  of  Nevada,  Reno  Costs  $17,406 

Subcontract  Costs  (Medical  College  of  Ohio)  $224,282 

Total  Project  Costs  $241,688 
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American  Society  of  Clinical  Pathologists 
New  Technology  Committee,  1988-1989 

Elected  Advocate 

Maryland  Conference  on  Small  Business 

1988-1990 

State  of  Maryland,  Governor's  Office 
Partnership  for  Workforce  Quality 
Advisory  Board,  1989 

The  Johns  Hopkins  University 
Montgomery  County  Center 
Advisory  Board,  1989 

Nevada  Innovation,  Technology, 
and  Entreprenurial  Council 
Member,  Board  of  Trustees,  1989- 
Vice  President,  1990- 

Western  Industrial  Nevada 
Member,  1990- 


Nevada  Industry,  Science,  Engineering 
and  Technology  Organization,  Inc. 
Member,  Board  of  Trustees,  1990- 

Nevada  State  Development  Corporation 
Board  of  Trustees,  1991- 

Nevada  Space  Grant 
Associate  Director,  1991- 

Nevada  State  EPSCoR  Committee 
Member,  1990- 


Research  Interests: 


Gene  Regulation  in  Leishmania 
Immunoregulatory  Functions  in  Malaria 
Medical  and  Agricultural  Entomology 
Monoclonal  Antibodies  for  Chemical  Haptens 
Somatic  Cell  Genetics  and  Human  Hybridomas 
Biosensors  and  Molecular  Electronics 


Past  Research  Support: 

K.W.  Hunter,  Principal  Investigator 
Temperature-Induced  Transformation  in  Leishmania 
USUHS  RDT&E  Grant 
February  1980  -  February  1982 

$102,732 

K.W.  Hunter,  Principal  Investigator 

Detection  of  Organophosphates  Using  Immunologic  Methods 

U.S.  Army  (AARADCOM)  Chemical  Systems  Laboratory 

May  1981  -  September  1985 

$599,000 


K.W.  Hunter,  Principal  Investigator 

Human  Monoclonal  Antibodies  to  Malarial  Antigens 

U.S.  Agency  for  International  Development  (USAID) 

July  1981  -  January  1983 

$35,000 

K.W.  Hunter,  Principal  Investigator 
Somatic  Cell  Cloning  of  Mouse  and  Human 
Somanase  and  Butyrylcholinesterase 


U.S.  Army  Chemical  Research  and  Development  Center 

March  1983  -  March  1985 

$200,000 

K.W.  Hunter,  Principal  Investigator 

Evaluation  of  the  Prophylactic  Potential 

of  Monoclonal  Anti-Soman  Antibodies 

U.S.  Army  Medical  Research  &  Development  Command 

May  1983  -  September  1986 

$526,000 

K.W.  Hunter,  Principal  Investigator 

Preparation  and  Characterization  of  Mouse  and  Human 

Monoclonal  Antibodies  to  Botulinum  Toxins 

U.S.  Army  Medical  Research  &  Development  Command 

April  1982  -  September  1984 

$136,000 

K.W.  Hunter,  Principal  Investigator 
Rapid  Biosensor  Assay  for  AIDS  Virus  Antibodies 
National  Institute  of  Allergy  and  Infectious  Disease 
Small  Business  Innovation  Research  Program 
February  1989- June  1990  :  Phase  I  $50,000 
June  1990-    :  Phase  II  $500,000 


Awards: 


USUHS  Outstanding  Performance  Awards,  1979-1985 
Department  of  the  Army,  Special  Commendation,  1984 
USUHS  Distinguished  Service  Medal,  1987 
Who's  Who  in  Science  and  Technology,  1991 


Courses  Taught: 


Diagnostic  Parasitology  and  Medical  Zoology 

Medical  Microbiology  (Immunology  and  Parasitology) 

Medical  Entomology 

Epidemiology 

Preventive  Medicine  and  Public  Health 


PUBLICATIONS 

1.  Hunter,  K.W.  1973.  Effect  of  the  parasite  Copidosoma  tmncatellum  (Dalman)  on  food 
consumption  of  Trichoplusia  ni  (Hubner)  larvae.  Masters  Thesis,  Arizona  State  University 
Tempe,  Arizona. 

2.  Hunter,  K.W.  and  A.  Stoner.  1975.  Copdiosoma  tmncatellum:  Effect  of  parasitization 
on  food  consumption  of  Trichoplusia  ni.   Environ.  Entomol.   4:381-382. 

3.  Hunter,  K.W.  and  A.C.  Bartlett.  1975.  Chromosome  number  of  the  parasitic  encyrtid 
Copidosoma  tmncatellum    (Dalman).   Ann.  Entomol.  Soc.  Amer.    68:61-61. 

4.  Hunter,  K.W.  1977.  Serum  opsonic  activity  in  rodent  malaria.  Doctoral  Thesis.  The 
Johns  Hopkins   University,   Baltimore,  MD. 

5.  Hunter,  K.W.  1979.  Searching,  behavior  of  Hippodamia  convergens  larvae 
(Coccmellidae:  Coleoptera).   Psyche   85:249-254. 

6.  Hunter,  K.W.,  F.D.  Finkelman,  G.T.  Strickland,  P.C.  Sayles,and  I.  Scher.       1979 
Defective    resistance  to  Plasmodium  yoelii  in  CBA/N  mice.   J.  Immunol.    123:133-137. 

7.  Hunter,  K.W.,  A.R.  Campbell,  and  P.C.  Sayles.  1979.  Human  infestation  by  cat  fleas, 
Ctenocephahdes  felis  (Siphonaptera:  Pulicidae),  from  suburban  raccoons  J  Med' 
Entomol.  16:547.  ' 

8.  Hunter,  K.W.,   J.A.  Winkelstein,   and  T.W.   Simpson.     1979.  Serum  opsonic  activity 
in  rodent  malaria:     functional  and  immunochemical  characteristics  in  vitro.   J.  Immunol 
123:2582-2587.  ' 

9.  Hunter,  K.W.,  G.W.  Fischer,  P.C.  Sayles,  and  G.T.  Strickland.  1979.  Increased 
resistance  to  malarial  infection  following  treatment  with  the  immunostimulator  levamisole 

Curr.  Chemother.  Infect.  Di.s.    2:1099-1101. 

10.  Mease,  A.D.,  G.W.  Fischer,  K.W.  Hunter,  and  F.B.  Ruymann.  1980.  Decreased 
phytohemagglutimn-mduced  aggregation  and  C5a-induced  chemotaxis  of  newborn 
neutrophils.     Pediat.  Res.    14:142-146. 

11.  Hunter,  K.W.,  F.D.  Finkelman,  G.T.  Strickland,  P.C.  Sayles,  and  I.  Scher.  1980. 
Murine  malaria:  Analysis  of  erythrocyte  surface-bound  immunoglobulin  by  flow 
microfluorimetry.      J.  Immunol.    125:169-174. 

12.  Fischer,  G.W.,  K.W.  Hunter,  S.R.  Wilson,  and  A.D.  Mease.  1980.  Diminished 
bacterial  defenses  with  intralipid.    Lancet    2:819-820. 

13.  Strickland,  G.T,  and  K.W.  Hunter.    1980.  The  use  of  immunopotentiators  in  malaria 
Int.  J.  Nuc.  Med.  Biol.    7:133-140. 
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14.  Fischer,  G.W.,  K.W.  Hunter,  and  S.R.  Wilson.  1980.  Intralipid  and  reticuloendothelial 
clearance.   Lancet    1:1300. 

15.  Strickland,  G.T.,  and  K.W.  Hunter.  Red  cell  antibodies  in  malaria:  Immunity  or 
Autoimmunity?  In  The  Host-Invader  Interplay.  H.  Van  den  Bossche  ed., 
Elsevier/North-Holland  Biomedical  Press,  Amsterdam,  1980. 

16.  Fischer,  G.W.,  K.W.  Hunter,  S.R.  Wilson,  and  S.A.  Henson.  The  role  of  antibody  in 
Group  B  streptococcal  disease.  In  Immunoglobulins:  Characteristics  and  Used  of 
Intravenous  Preparations.  B.M.  Alving,  J.S.  Finlayson,  eds.  Washington,  D.C.  U.S. 
Government  Printing   Office,    1980:DHEW  publication  No.  (FDA)-80-9005. 

17.  Hunter,  K.W.,  T.M.  Folks,  P.C.  Sayles,  and  G.T.  Strickland.  1981.  Early  enhancement 
followed  by  suppression  of  natural  killer  cell  activity  during  murine  malarial  infections. 
Immunol.  Lett..  2:209-212. 

18.  Fischer,  G.W.,  K.W.  Hunter,  S.R.  Wilson,  and  V.G.  Hemming.  1981.  Modified 
immune  serum  globulin.    Lancet    1:271. 

19.  Hunter,  K.W.,  G.W.  Fischer,  P.C.  Sayles,  and  G.T.  Strickland.  1981.  Levamisole: 
Potentiation  of  primary  immunoglobulin  M  antibody  responses  in  suckling  rats. 
Immunopharmacologv  3:117-127. 

20.  Sayles,  P.C,  K.W.  Hunter,  E.E.  Stafford,  and  L.D.  Hendricks.  1981.  Antibody 
response  to  Leishmania  mexicana  in  the  African  white-tailed  rat  (Mystromys  albicaudatus). 
J.  Parasitol.   67:585-586. 

21.  Hunter,  K.W.,  L.P.  Smith,  G.T.  Strickland,  and  W.C.  Blackburn.  1981. 
Hypergammaglobulinemia  and  erythrocyte  autoantibody  complicate  enzyme  immunoassay 
of  antimalarial  antibody.   J.  Immunoassay  2:99-108. 

22.  Fischer,  G.W.,  K.W.  Hunter,  and  S.R.  Wilson.  1981.  Type  HI  Group  B  streptococcal 
strain  differences  in  susceptibility  to  opsonization  with  human  serum.  Pediat.  Res 
15:1525-1529. 

23.  Hunter,  K.W.,  and  D.E.  Lenz.  1982.  Detection  and  quantification  of  the 
organophosphate   insecticide   paraoxon  by  competitive  inhibition  enzyme   immunoassay. 

Life  Sci.  30:355-361. 

24.  Fischer,  G.W.,  S.R.  Wilson,  and  K.W.  Hunter.  1982.  Functional  characteristics  of  a 
modified  immunoglobulin  preparation  for  intravenous  use:  Summary  of  studies  of  opsonic 
and  protective  activity  against  Group  B   streptococci.   J.  Clin.  Immunol..    8:325-365. 

25.  Hunter,  K.W.,  C.L.  Cook,  and  S.A.  Hensen.  1982.  Temperature-induced  in  vitro 
transformation  of  Leishmania  mexicana.  I.  Ultrastructural  comparison  of 
culture-transformed  and  intracellular  amastigotes.    Acta  Trop.    39:143-150. 


26.  Fischer,  G.W.,  K.  W.  Hunter,  and  S.R.  Wilson.  1982.  Modified  human  immune  serum 
globulin  for  intravenous  administration:  Opsonic  and  protective  effect  against  group  B 
streptococci.   Acta  Pediat.  Scand.   71:639-644. 

27.  Hunter,  K.W.  Separation  and  purification  of  blood  stage  malaria  parasites.  In 
Immunoparasitologv:  Principles  and  Methods  in  Schistosomiasis  and  Malaria  Research. 
G.T.  Strickland  and  K.W.  Hunter,  eds.,  Praeger  Publishers,  New  York,  1982,  pp.  208-211. 

28.  _  Hunter,  K.W.  Cell-mediated  cytotoxicity:  Measurement  of  murine  natural  killer  cell 
activity  during  malarial  infection.  In  Immunoparasitologv:  Principles  and  Methods  in 
Schistosomiasis  and  Malaria  Research.  ,  G.T.  Strickland  and  K.W.  Hunter,  eds.,  Praeger 
Publishers,  New  York,  1982,  pp.  237-240. 

29.  Smith,  L.P.,  and  K.W.  Hunter.  Clearance  and  sequestration  studies  using  radiolabeled 
Plasmodium  yoeta'-infected  erythrocytes.  In  Immunoparasitologv:  Principles  and  Methods 
in  Schistosomiasis  and  Malaria  Research.  G.T.  Strickland  and  K.W.  Hunter,  eds.,  Praeger 
Publishers,  New  York,  1982,  pp.  231-236. 

30.  Hunter,  K.W.  Application  of  mitogen-induced  lymphocyte  proliferation  to  the  study 
of  malarial  immunosuppression.  In  Immunoparasitologv:  Principles  and  Methods  in 
Schistosomiasis  and  Malaria  Research.  G.T.  Strickland  and  K.W.  Hunter,  eds  Praeger 
Publishers,  New  York,  1982,  pp.  241-245. 

31.  Hunter,  K.W.  Radioimmunoassay:  Quantification  of  the  antibody  response  to 
Plasmodium  yoelii  in  mice.  In  Immunoparasitologv:  Principles  and  Methods  in 
Schistosomiasis  and  Malaria  Research.  G.T.  Strickland  and  K.W.  Hunter,  eds.,  Praeger 
Publishers,  New  York,  1982,  pp.  246-250. 

32.  Smith,  L.P.,  K.W.  Hunter,  E.C.  Oldfield,  and  G.T.  Strickland.   1982.  Murine  malaria: 
Blood  clearance  and  organ  sequestration  of  Plasmodium  yoefa'-infected  erythrocytes.  Infect 

Immun..  39;  162- 167. 

33.  Hunter,  K.W.,  G.W.  Fischer,  V.G.  Hemming,  S.W.  Wilson,  R.J.  Hartzman,  and  J.N. 
Woody.  1982.  Antibacterial  activity  of  a  human  monoclonal  antibody  to  Haemophilus 
influenzae  type  b  capsular  polysaccharide.    Lancet.  2:798-799. 

34.  Hunter,  K.W.,  D.E.  Lenz,  A.A.  Brimfield,  and  J.A.  Naylor.  1982.  Quantification  of 
the  organophosphorus  nerve  agent  soman  by  competitive  inhibition  enzyme  immunoassay 
using  monoclonal  antibody.  FEBS  Lett..  149:147-151. 

35.  Fischer,  G.W.,  K.W.  Hunter,  and  V.G.  Hemming.  1983.  Human  monoclonal 
antibodies  for  prophylaxis  and  therapy   of  infectious  diseases.   Infect.  Pis.    13:4-25. 

36.  Hunter,  K.W.,  C.L.  Cook,  and  E.E.  Stafford.  1983.  Leishmania  mexicana:  Analysis 
of  amastigote  and  promastigote  antigens  by  crossed  Immunoelectrophoresis.  Trans.  Rov. 
Soc.  Trop.  Med.  Hvg.    77:177-180. 
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37.  Fischer,  G.W.,  K.W.  Hunter,  V.G.  Hemming,  and  S.R.  Wilson.  1983.  Functional 
antibacterial  activity  of  a  human  intravenous  immunoglobulin  preparation.  In  vitro  and  in 
vivo  studies.  Vox  Sang.  44:296-299. 

38.  Bosworth,  Jr.,  J.M.,  A.A.  Brimfield,  J.A.  Naylor  and  K.W.  Hunter.  1983. 
Measurement  of  monoclonal  antibody  concentration  in  hybridoma  cultures.  Comparison 
of  competitive  inhibition  and  antigen  capture  enzyme  immunoassays.  J.  Immunol.  Meth. 
62:331-336. 

39.  Strickland,  G.T.,  A.  Ahmed,  P.C.  Sayles,  and  K.W.  Hunter.  1983.  Murine  malaria: 
Cellular  interactions  in  the  immune  response.   Amer.  J.  Trop.  Med.  Hyg.   23:1229-1235. 

40.  Pollack,  M.,  A.I.  Huang,  R.K.  Prescott,  L.S.  Young,  K.W.  Hunter,  D.F.  Cruess,  and 
CM.  Tsai.  1983.  Enhanced  survival  in  Pseudomonas  aeruginosa  septicemia  associated 
with  high  levels  of  circulating  antibody  to  Escherichia  coli  endotoxin  core.  J.  Clin.  Invest. 
72:1874-81. 

41.  Smith,  L.P.,  K.W.  Hunter,  V.G.  Hemming,  and  G.W.  Fischer.  1983.  Improved 
detection  of  bacterial  antigens  by  latex  agglutination  after  rapid  extraction  from  body  fluids. 
J.  Clin.  Microbiol.   20:981-984. 

42.  Lenz,  D.E.,  A.A.  Brimfield,  K.W.  Hunter,  H.P.  Benschop,  L.P.A  de  Jong  and  T.R. 
Clow.  1984.  Studies  with  monoclonal  antibodies  to  soman.  Fund.  Appl.  Toxicol 
4:S156-S164. 

43.  Fischer,  G.W.,  L.B.  Weisman,  V.G.  Hemming,  W.T.  London,  K.W.  Hunter,  J.M. 
Bosworth,  J.L.  Sever,  S.R.  Wilson,  and  B.L.  Curfman.  1984.  Intravenous  immunoglobulin 
in  neonatal  group  B  streptococcal  disease:  Pharmacokinetic  and  safety  studies  in  monkeys 
and  humans.   Amer.  J.  Med.   76:117-123. 

44.  Schuman,  R.F.,  K.W.  Hunter,  and  AA.  Brimfield.  1984.  A  micro-method  for  the 
detection  of  butyrylcholinesterase  in  vitro.   Biosci.  Rep.   4:149-154. 

45.  Hunter,  K.W.  Human  monoclonal  antibodies  for  prophylaxis  and  therapy  of  bacterial 
infections.  In  Monoclonal  Antibodies  Against  Bacteria.  A.J.L.  Macario  and  E.C.  Macario, 
eds.,  Academic  Press,  New  York,  1985,  pp.  207-231. 

46.  Hunter,  K.W.  Human  monoclonal  antibacterial  antibodies:  Protection  against 
Haemophilus  influenzae  type  B  by  antibodies  to  the  capsular  polysaccharide.  In  New 
Horizons  in  Microbiology.  A.  Sonna  and  G.  Morace,  eds.,  Elsevier  Biomedical  Press, 
Amsterdam,  1984,  pp.  99-106. 

47.  Hunter,  KAV.,  C.L.  Cook,  and  E.G.  Hayunga.  1984.  Leishmanial  differentiation  in 
vitro:   Induction  of  heat  shock  proteins.   Biochem.  Biophvs.  Res.  Comm.    125:755-760. 
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48.  Hunter,  K.W.,  A.A.  Brimfield,  M.  Miller,  F.D.  Finkelman,  and  F.S.  Chu.  1985. 
Preparation  and  characterization  of  monoclonal  antibodies  to  the  trichothecene  mycotoxin 
T-2.    Appl.  Environ.  Microbiol.    49:168-172. 

49.  Brimfield,  A.A.,  D.E.  Lenz,  H.P.  Benshop,  C.A.G.  Konings,  and  K.W.  Hunter.  1985. 
Structural  and  stereochemical  specificity  of  mouse  monoclonal  antibodies  to  the 
organophosphorus  cholinesterase  inhibitor  soman.    Mol.  Pharmacol.  28:32-39. 

50.  Brimfield,  A.A.,  D.E.  Lenz,  C.  Graham,  and  K.W.  Hunter.  1985.  Mouse 
monoclonal  antibodies  against  paraoxon:  Potential  reagents  for  immunoassay  with 
constant  immunochemical   characteristics.     J.  Agri.  Food  Chem.       33:1237-1242. 

51.  Feuerstein,  G.,  J.A.  Powell,  A.T.  Knower,  and  K.W.  Hunter.  1985.  Monoclonal 
antibodies  to  T-2  toxin:  In  vitro  neutralization  of  protein  synthesis  inhibition  and 
protection  of  rats   against   lethal   toxemia.     J.  Clin.  Invest.   76:2134-2138. 

52.  Seiders,  B.A.B,  K.W,  Hunter,  M.C.  Zerner,  G.D.  Purvis,  and  W.D.  Edwards.  1986. 
A  quantum  mechanical  investigation  into  the  fine  specificity  of  the  antibodies  to  soman 
BE2  and  CC1.   Int.  J.  Quantum  Chem.  12:89-98. 

53.  Hunter,  K.W.,  D.E.  Lenz,  and  A.A.  Brimfield.  Paraoxon  in  body  fluids,  In  Methods 
of  Enzymatic  Analysis.  Volume  XII.  Drugs  and  Pesticides.  (H.U.  Bergmeyer,  ed.),  VCH 
Verlagsgesellschaft,  Weinheim,  1986,  pp.  426-438. 

54.  Hunter,  K.W.,  and  J.M.  Bosworth.  1985.  Measurement  of  monoclonal  immunoglobulin 
concentrations  in  hybridoma  cultures  by  competitive  inhibition  enzyme  immunoassay,  In 
Methods  in  Enzvmology.  Vol.  121  (G.  DiSabato,  J.J.  Langone,  and  H.  Van  Vuna'kis, 
eds.),  Academic  Press,  New  York,  pp.  541-547. 

55.  Fischer,  G.W.,  V.G.  Hemming,  K.W.  Hunter,  H.  Gloser,  H.  Bachmayer,  C.E.  Von 
Pilar,  T.  Helting,  L.  Weisman,  S.R.  Wilson,  and  P.A.  Baron.  1986.  Intravenous 
immunoglobulin  in  the  treatment  of  neonatal  sepsis:  therapeutic  strategies  and 
laboratory  studies.     Ped.  Infect.  Pis.    5:S171-S175. 

56.  Fischer,   G.W,   V.G.   Hemming,    K.W.   Hunter,   S.R.   Wilson,      and  P.A.   Baron. 
Intravenous  immunoglobulin  in  the  treatment  of  neonatal  sepsis:   a  review  of  in  vitro  and 
in  vivo  studies,  In  Clinical  Use  of  Immunoglobulins.  Academic  Press,  London,  1986,  pp 
147-158.  vv 

57.  Schuman,  R.F.  and  K.W.  Hunter.  1985.  Secretion  of  acetylcholinesterase  by  a  mouse 
hepatocyte   x   rat  liver  cell  hybrid  culture.    In  Vitro   22:670-676. 

58.  Newman,  A.L.,  W.D.  Stanbro,  and  K.W.  Hunter.  1986.  Development  of  an 
antibody-modulated  planar  capacitive  biosensor  for  detection  of  the  trichothecene 
mycotoxin  T-2.  In  Proceedings  of  the  1985  Scientific  Conference  on  Chemical  Defense. 
Chemical  Research  and  Development  Center,  Aberdeen  Proving  Ground,  MD  pp' 
259-263.  FF 
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59.  Newman,  A.L.,  K.W.  Hunter,  and  W.D.  Stanbro.  1986.  The  Capacitive  Affinity 
Sensor:  A  New  Biosensor,  In  Proceedings  on  the  2nd  International  Meeting  on 
Chemical  Sensors.  Bordeaux,  FR.,  J.-L.  Aucouturier  et  al.  (eds.),  Universite  Bordeau 
press,  pp.  596-598. 

60.  Hayunga,  E.G.,  J.F.  Duncan,  M.  Stek,  I.  Mollegard,  M.P.  Sumner,  and  K.W.  Hunter. 
1986.  Development  of  circulating  antigen  assay  for  rapid  detection  of  acute  schistosomiasis. 
Lancet.  Sept.  27,  1986:716-718. 

61.  Hayunga,  E.G.,  I.  Mollegard,  J.F.  Duncan,  M.P.  Sumner,  M.  Stek,  and  K.W. 
Hunter.  1987.  Early  diagnosis  of  schistosomiasis  mansoni  in  mice  using  assays  directed 
against  cercarial  antigens  isolated  by  hydrophobic  chromatography.  J.  Parasitol. 
73:351-362. 

62.  Newman,     A.L.,     W.D.     Stanbro,     K.W.  Hunter,     and     A.     Andreau.     1987. 
Development   of  an  antibody   modulated  planar   capacitive  sensor.  In  Proceedings  of 
the  First  IEEE  Conference  on  Synthetic  Microstructures  in  Biological  Research.     M.C. 
Peckerar,  S.A.  Shamma,  and  R.J.  Wyatt  (eds.),  pp.  45-49. 

63.  Hunter,  K.W.,  and  C.  Peck.  1987.  Technological  advances  in  bedside  monitoring: 
Biosensors  and  transdermal  dosimetry.         Arch.  Path.  Lab.  Med.    111:633-636. 

64.  Mumma,  R.O.,  and  ICW.  Hunter.  1988.  Potential  of  immunoassays  in  monitoring 
pesticide  residues  in  foods.  In  Pesticide  Residues  in  Food:  Technologies  for  Detection. 
U.S.  Congress,  Office  of  Technology  Assessment,  OTA-F-398,  Washington,  D.C.:  U.S. 
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